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Fig.1 Beam model of the system with lumped mass
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Table 1

Distributing case of each mass in lumped mass system

z
e

X(m) Y(m) Z(m)

-42.913
—-43.413
-43.913
-44.413
-44.913
—45.413
-45.913
-46.413
-46.913
-47.027

—-47.522
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Table 2 Distributing case of modal effective mass in lumped mass system

Modal effective mass( Kg)

Order Frequency( Hz)
Y Z RX RY RZ
7 41.560 9.0922e +01 6.3249¢ - 16 7.1563e 27 1.6036e - 12 2.3052e +05 Oe +00
8 55.724 7.5072e =26 9.087le -26  1.1276e +03  2.3546e-22  1.954le-22 Oe +00
9 64.714 2.5457e - 17 3.3714e +01 4.5132¢ -24 8.8407e +04 6.6756e - 14 Oe +00
10 64.714 3.3714e +01 2.5457e - 17 1.6638e —24 6.6756e - 14 8.8407e +04 Oe +00
11 84.465 9.2213e-16 1.8999¢ +01 4.6827e -26 4.9182e +04 2.3870e - 12 Oe +00
12 84.465 1.8999¢ +01  9.2216e-16  3.4006e —-26  2.3870e —12  4.9182¢ +04 Oe +00
13 97.933 1.5457e - 16 1.3629¢ +01 1.8384e -25 3.5797e + 04 4.0599¢ - 13 Oe +00
14 97.933 1.3629¢ +01 1.5458e - 16 1.1616e -24 4.0603e —13 3.5797e + 04 Oe +00
15 103.94 9.5943e -25  1.1685e¢ -24  8.986le+01  3.1731e-21  2.5957e-21 Oe +00
16 113.28 2.1397e =16 1.4461e +00  9.7115e-24  3.7505¢ +03  5.5495¢-13 Oe +00
17 113.28 1.4461e +00 2.1387e - 16 6.0386e —23 5.5467e - 13 3.7505e +03 Oe +00
18 128.34 7.3416e - 16 4.8586e - 01 1.0749e -23 1.2965e +03 1.9591e - 12 Oe +00
19 128.34 4.8586e -01  7.343le-16  2.7172¢-24  1.9595e-12  1.2965¢ +03 Oe +00
20 140.24 1.7492¢ - 16 4.3305e¢ -02 1.3367e -20 1.1176e +02 4.5154e - 13 Oe +00
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Table 3

Identificaiton result of longitudinal modes

in lumped mass system

Longitudinal modal Order  Integral modal order Frequency ( Hz)
8 55.724
2 15 103.94
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Table 4 Modal information in lumped mass system

order Frequency(Hz)  Principal vibration direction

7 41.560 RY
8 55.724 Z

9 64.714 RX
10 64.714 RY
11 84.465 RX
12 84.465 RY
13 97.933 RX
14 97.933 RY
15 103.94 Z

16 113.28 RX
17 113.28 RY
18 128.34 RX
19 128.34 RY
20 140.24 RX
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AN AUTOMATIC IDENTIFICATION METHOD FOR LONGITUDINAL
MODES OF STRUCTURAL SYSTEM OF ROCKET"

Fang Bo'” Tang Ye'" Yang Feihu’ Zhang Yewei' Zang Jian’
(1. School of Astronautics, Harbin Institute of Technology, Harbin 150001, China)
(2. China Department of Astronautics, Shenyang Aerospace University, Shenyang 110136, China)
(3. Beijing Institute of Structure and Environment Engineering, Beijing 100076, China)
(4. Shanghai Institute of Applied Mathematics and Mechanics, Shanghai 200072, China)

Abstract Aiming at the problem that the longitudinal modes of structural system of rocket need to be identified
from its integral modes in engineering, a method that automatically identifies the longitudinal modes of structural
system of rocket was proposed according to the theory of modal effective mass. Taking the vibration characteristics
of system with lumped mass as a computing example, applying the finite element software, the beam model of
system with lumped mass was established, and the longitudinal modes of the system were automatically identified
based on the method. Compared with the system modal information calculated by the method of modal analysis,
this automatic identification method not only can accurately identify the longitudinal modes of vibrating system,
but also has automatic and high efficiency identification feature. It provides a theoretical basis for the dynamic
model of POGO vibrating system in liquid rockets and other model of engineering systems to be accurately and

promptly established.

Key words structural system of rocket, longitudinal modes, modal effective mass, automatic identifica-

tion, modal analysis
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